Meningeal carcinoma has a variety of clinical manifestations and a high mortality and disability rate. Among them, cranial hypertension is one of the important causes of death, which is easy to be missed or misdiagnosed. The purpose of this case report is to describe the clinical features of diffuse leptomeningeal glioneuronal tumor (DNGNT) with the first symptom of headache accompanied by decreased vision misdiagnosed as venous sinus thrombosis. The patient initially suffered from headache and decreased vision, and rapidly developed blindness. According to the clinical manifestations and cerebrospinal fluid (CSF) examination results, the patient was initially misdiagnosed as venous sinus thrombosis, the intracranial pressure was relieved by Ommaya capsule, and the cerebrovascular condition was observed by magnetic resonance venogram (MRV) and digital subtraction angiography (DSA). The degree of meningeal enhancement was observed by enhanced magnetic resonance imaging (MRI), and meningeal cancer cells were found by CSF cytology. The patient was excluded from viral meningitis, tuberculous meningitis, cryptococcal meningitis, optic neuromyelitis, and central nervous system Behcet's disease by routine examination. Ommaya capsule implantation relieved the intracranial hypertension, and vision was restored after treatment. No venous sinus thrombosis was found in MRV and DSA; brain-enhanced MRI revealed extensive linear enhancement of the meninges, and CSF cytology revealed grotesque, actively dividing tumor cells; she was diagnosed as DLGNT. Meningeal carcinoma cannot be excluded in adolescents without tumor history. When patient has unexplained intracranial hypertension, it is necessary to consider DLGNT; early brain-enhanced MRI and CSF cytology are helpful for early diagnosis. For cranial hypertension, timely placement of Ommaya capsule can improve patient quality of life and save vision in time; molecular targeted therapy as early as possible can prolong survival.
Introduction
In 1912, Beer Man first named a tumor of the central nervous system characterized by headache and vomiting as meningeal cancer. It is a metastatic tumor, which mainly diffuses into the pia mater and subarachnoid space. The primary lesions are often from lung cancer, breast cancer and hematological system tumors. As the disease progresses, the lesion often involves the cerebral cortex, cranial nerves, spinal cord, and spinal nerve roots. The mortality and disability of it are extremely high, and intracranial hypertension is one of the important causes of death [1, 2] .
Due to the low incidence and atypical clinical symptoms, the diagnosis requires the use of cerebrospinal fluid (CSF) cytology to find cancer cells, but the positive rate is extremely low. It is often misdiagnosed as infectious diseases (such as cryptococcal meningitis, viral meningitis, tuberculous meningitis), non-infectious diseases (autoimmune encephalitis, central system Behcet's disease, venous sinus thrombosis) and other diseases before the cancer cells are found. If the manifestation is visual impairment, it can also be misdiagnosed as optic neuromyelitis, Vogt-Koyanagi-Harada syndrome, multiple sclerosis, and so on [3, 4] .
Cerebral venous sinus thrombosis (CVST) is a rare and serious neurological disease, mainly due to obstruction of cerebral venous, venous sinus reflux, and its incidence accounts for 0.5% of stroke. CVST tends to occur in young and middleaged people, with acute/subacute and chronic onset. Obstruction of cerebral venous reflux leads to increased intracranial pressure. Most intracranial pressure is over 300 mm H 2 O (1 mm H 2 O = 0.0098 kPa), which is manifested as headache, vomiting, papilledema, accompanied or not accompanied by consciousness disorder, neurological dysfunction. Headache of different degrees is often the first symptom, which is characterized by severe illness and high disability mortality [5, 6] . With the development of neuroimaging technology and the maturation of treatment, the disease is gradually recognized.
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The skull magnetic resonance imaging (MRI) and magnetic resonance venogram (MRV) can visualize the intracranial venous sinus cavity and large veins, which are the preferred imaging evaluation methods for the diagnosis of CVST and the detection of efficacy. Digital subtraction angiography (DSA) is regarded as the "gold standard" for the assessment of intracranial arteriovenous vascular disease. Although it has good sensitivity and specificity, it is an invasive examination. The clinical manifestations of CVST are atypical and prone to misdiagnosis and missed diagnosis, and the diagnosis and treatment of CVST are still a difficult problem for clinicians [7, 8] .
We described a case of adolescent girl with headache, vision loss and rapid blindness. The lumbar puncture examination showed that the CSF pressure was extremely high, and the CSF routine test and biochemical results were not specific. The test results of multiple antibodies, smears and pathogens were negative. After the diagnostic antiviral, anti-Cryptococcus, anti-tuberculosis therapy and immunotherapy, the symptoms had not been improved significantly and the venous sinus thrombosis was suspected. But the results were negative by MRV and DSA. Finally, diffuse leptomeningeal glioneuronal tumor (DLGNT) was diagnosed by enhanced MRI and CSF cytology. The specific misdiagnosis is now shared as follows. The differential diagnosis of this patient with optic neuromyelitis [9] , tuberculous meningoencephalitis, cryptococcal meningitis, and related CSF dynamic changes and spinal cord metastasis will be discussed in detail in other articles.
Case Report
The patient was a 16-year-old adolescent girl, a high school student. The first symptoms were headache, nausea and vomiting, accompanied by vision loss. After the diagnosis and treatment in the local clinic, there was no improvement, and the vomiting was aggravated. It was spray-like and the visual acuity decreased significantly. Therefore, the patient came to the neurology department of our hospital for treatment. She was previously healthy without any special medical history or surgical trauma history. Physical examination showed that the vital signs were stable, and no positive signs were found in the cardiopulmonary examination. Neurological examination showed lethargy, right eyelid dropping, unequal bilateral pupils (right/left = 5/4), insensitiveness to light reflection, meningeal stimulation positive, with no other positive signs of neurological examination.
Routine examination
After admission, the patient was examined by head computed tomography (CT), chest CT, electrocardiogram, blood analysis, and was tested for erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), tumor markers, autoimmune antibody spectrum, thyroid function, tuberculosis antibody, TB-SPOT, virus antibody, liver and kidney function, electrolyte, coagulation function and received other examinations. Blood routine, ESR, CRP, tuberculosis antibody, TB-SPOT, viral antibody, liver and kidney function, electrolyte, coagulation function tests and other tests showed no obvious abnormalities. Tumor markers, autoimmune antibody profiles, and thyroid function were all within the normal range. No obvious lesions were seen in the head CT.
CSF examination
After informed consent of the patient and her family members was obtained, local anesthesia with lidocaine was used, and the needle was inserted vertically at the L3-4. In order to avoid cerebral hernia, we stopped pressure measurement. Under the condition of using needle core to control the flow rate, CSF was collected and sent for routine, biochemical, acid-fast staining, ink staining, tested for antibodies related to optic neuromyelitis, oligoclonal band, autoimmune encephalitis, and it was sent to Huada Gene (Beijing, China) to check the pathogenic gene fragments of viruses, bacteria, fungi, tuberculosis bacilli and parasites.
The showed that NMDA-R-Ab, CASPR2-Ab, AMPA1-R-Ab, AM-PA2-R-Ab, LGI1-Ab, GABA-R-Ab, GAD65-Ab were negative. Oligoclonal band was negative. The results of the inspection of Huada Gene Company showed that no pathogenic gene fragments such as viruses, bacteria, fungi, mycobacterium tuberculosis, and parasites were found.
The patient's intracranial pressure was extremely high, nausea and vomiting were severe, and visual acuity was significantly reduced. After the ophthalmic consultation, the optic disc edema was considered, and the reason was intracranial hypertension. To save vision and avoid optic nerve atrophy, neurosurgical emergency Ommaya capsular implantation was performed to drain CSF and release intracranial pressure.
In response to the ultra-high intracranial pressure and increased CSF protein, diagnostic antiviral, anti-tuberculosis, anti-Cryptococcus therapies and immunotherapy (intravenous use of gamma globulin combined with methylprednisolone) had been successively performed, and the condition was not improved. It was necessary to consider venous sinus thrombosis, and to give low molecular weight heparin subcutaneous injection to prevent thrombosis, and to actively find the cause.
MRI and MRV examination
Since the patient had extremely high intracranial pressure, CSF was not specific, and no pathogens were found. Brain MRI and MRV were used to exclude venous sinus thrombosis. Plain scan and enhanced examination were performed using Bao et al J Neurol Res. 2019;9(3):41-47 symphoy-p3.0T MRI instrument of Siemens Company (Erlangen, Germany): axial, sagittal and coronal images were collected from the brain using Gd-DTPA according to the body weight of × 0.1 mmol/kg. Plain brain scan (Fig. 1a, b) showed abnormal signals in bilateral hippocampus and right thalamus. There was a high possibility of virus infection and slightly enlarged supratentorial ventricle. After enhancement, the right thalamic lesion and meninges showed lamellar enhancement, with meninges in the basal cisterna of the brain as the focus, ventricular system dilation, and midline structure was basically centered (Fig. 1c, d) . No abnormalities were found in the brain MRV scan (Fig. 2a, b) .
Cerebral angiography
In order to further understand the situation of venous sinus thrombosis, the cerebral angiography was performed in the supine position after obtaining informed consent of the patient's family. After routine disinfection and spreading, local anesthesia and systemic heparinization were performed. The modified femorization method was used to perform the right femoral artery puncture, 5F arterial sheath, and intubation. The aortic arch, bilateral subclavian, total neck, intracranial and vertebral angiography were performed to determine the location and extent of cerebral venous sinus stenosis (CVSS) and to observe the presence or absence of dilatation and arteriovenous circulation time. After the operation, the sheath was removed with a pressure-wrapped puncture site. The patient was returned to the ward, and the patient's right lower limb was braked for 24 h.
Cerebral angiography showed bilateral common carotid artery, subclavian artery, intracranial segment of internal carotid artery, bilateral external carotid artery, middle cerebral artery, anterior cerebral artery, bilateral vertebral artery intracranial segment, basilar artery, good imaging of bilateral posterior cerebral artery, and no obvious stenosis. The arteriovenous phase was well shown (Fig. 2c, d ).
CSF cytology
In order to find tumor cells, fresh CSF was taken through Ommaya capsule, and 500 µL of pellet was taken after centrifugation at 4 °C. The cells of CSF were enriched by slide centrifugation using FMU-6 cell slides. After dried, it was dyed by Wright's staining (× 400). After 10 min, we rinsed off the back- ground dye with running water, first looked for cancer cells under low magnification, and then used the oil microscope to observe the cell morphology. After repeated cytological examination of cancer cells, through Wright's staining (× 400), it could be seen that the tumor cells were malformed, irregularly arranged, and of different sizes; the cell membrane had protrusions and the shape was obvious. There were vacuoles and pigment particles in the cytoplasm; the nucleus accounted for the majority of the cell volume, with active mitosis and obvious lobes; and the nucleolus was obvious (Fig. 3) .
Progress and outcome
According to CSF cytology and enhanced MRI, the patient was diagnosed as DLGNT. During hospitalization, the patient gradually developed numbness in both lower extremities and urinary retention. The family members refused further brain biopsy and PET-CT examination after learning that the prognosis was poor, and asked to return to the local hospital for treatment. After they left the hospital, we learned through multiple phone interviews that the patient's condition gradually progressed, and the lower limbs could not walk and she was sensory deprived.
Discussion
Common symptoms of DLGNT are headache, nausea, vomiting, and progressive exacerbations. Usually, the body can be found to have positive meningeal irritation, papilledema, positive pyramidal tract, decreased muscle strength, visual hearing loss, and dyskinesia, increased CSF pressure, increased cell number and protein, reduced sugar and chlorine, and the tumor cells are seen in cytological examination. Currently, the diagnostic criteria of DLGNT are as follows: 1) A history of tumor; 2) A new meningeal irritation; 3) CSF cytology to detect cancer cells; and 4) Typical MRI performance, where 1), 2), plus one of 3) or 4), can be diagnosed. Enhanced MRI can find local or diffuse enhancement of the meninges, ependymal and perivascular space, which has an important early diagnostic value. CSF cytology is the gold standard for diagnosis for it can find cancer cells [10, 11] . Due to the diverse clinical manifestations and non-specificity, meningeal cancer is difficult to be diagnosed, but easy to be misdiagnosed and confused with sinus thrombosis. The clinical manifestations of intracranial venous sinus thrombosis are quite different, often manifested as nausea, vomiting, transient blurred vision, disturbance of consciousness, and so on, and can also be manifested as a series of focal neurological symptoms, including seizures, optic disc edema, and subarachnoid hemorrhage [12, 13] . The cause was divided into infectious and non-infectious factors. Infectious factors are mostly caused by cavernous sinus, transverse sinus, and sigmoid sinus thrombosis, often secondary to infections of the face, eyes, ears, nose, pharynx, and paranasal sinuses. The main causes of non-infectious CVST formation are heart disease, puerperium, blood diseases and long-term oral contraceptives. According to the onset time, it can be divided into acute, subacute and chronic processes, with high disability rate and mortality [14, 15] . This case was a young female patient, consistent with the common age of venous sinus thrombosis. Her first symptoms were headache, vomiting, decreased vision, and high intracranial pressure, similar to the clinical manifestations of venous sinus thrombosis.
The patient was excluded from viral meningitis, tuberculous meningitis, cryptococcal meningitis, optic neuromyelitis, and central nervous system Behcet's disease. After the treatment with mannitol and glycerol fructose dehydration, the patient's symptoms did not improve. After the implantation of the Ommaya capsule, the patient had a large amount of CSF drainage per day. As the drug treatment progressed, the daily drainage volume was not significantly reduced. According to the patient's condition, venous sinus thrombosis was considered, but the point of no support was associated with no infectious and noninfectious factors. In order to diagnose the venous sinus thrombosis, it was proposed to use MRV for examination. The current skull MRI and MRV can visualize the intracranial venous sinus cavity and large veins as the preferred imaging assessment method for the diagnosis of CVST. However, MRV shows sinus blood flow imaging, which is obviously affected by blood flow velocity and artifacts. It is inaccurate for slow venous sinus and venules. Loss of signal sometimes does not mean blood flow stagnation or thrombosis [16] [17] [18] . A thrombus was not found in the patient in the MRV examination. Considering the influence of blood flow velocity and artifacts on the MRV examination, the venous sinus thrombosis could not be completely ruled out, so a more accurate examination method should be taken for further investigation. At this stage, DSA is the gold standard for the diagnosis of CVST, which can clearly show the condition of thrombus expansion, the length of development, the degree of collateral circulation, blood stasis, affected lesion filling defect and sinus wall irregularity. DSA has a better sensitivity and specificity. After informed consent was obtained, DSA examination was performed, but the result was negative.
The patient's intracranial hypertension mainly manifests as an intense headache, jet vomiting, papilledema, loss of vision, and decreased consciousness. If it cannot be relieved for a long time, it is easy to cause optic atrophy, permanent blindness, and a risk of cerebral palsy. The patient was scheduled to be diagnosed with venous sinus thrombosis and needed the urgent treatment. At present, the treatment of venous sinus thrombosis is mainly divided into drug treatment and endovascular treatment. The effects of drug treatment include antiinflammation, dehydration, thrombolysis and anticoagulation. In the absence of contraindications to anticoagulant drugs, anticoagulant therapy is preferred. Heparin is currently the firstline treatment for CVST and has good efficacy and safety. The main drug for intravenous thrombolytic therapy is urokinase. Endovascular treatment includes sinus contact thrombolysis, mechanical thrombectomy, balloon scutellum, and solitaire stent thrombectomy. In addition, for patients with ultra-high intracranial pressure, decompressive craniectomy is used to prevent cerebral palsy [6, [19] [20] . No thrombus was found in the patient, but low molecular weight heparin anticoagulation was still used, and timely consultation with ophthalmology and neurosurgery was performed. The Ommaya capsule implantation was operated, combined with dehydration, nutritional nerves, scavenging oxygen free radicals, improving circulation, hyperbaric oxygen, and so on; after a timely treatment, the patient's vision was restored to normal. Heparin also helped the patient's vision recovery, and reduced the risk of deep vein thrombosis of the lower extremity caused by prolonged bed rest. This improved the quality of life and prolonged her survival, which is the success of this case.
Because no thrombus was found in MRV and DSA examinations, the patient's CSF gradually showed decreased transparency, darkened color, increased protein, and clot formation, which was inconsistent with CSF changes caused by sinus thrombosis. In order to further identify the cause, brainenhanced MRI was checked and extensive linear enhancement of meninges and spinal cord membranes was found. CSF cy-tology found grotesque, actively dividing tumor cells, so the patient was diagnosed as DLGNT. However, the patient was an adolescent girl with no history of oncology, which was inconsistent with DLGNT with a history of tumor and metastatic infiltration of the meninges. Acute onset was rare in DLGNT. CSF pressure was extremely high as well as the protein, and sugar and chloride were not significantly decreased, which was different from the CSF of DLGNT. This is a special feature of this case.
Intracranial hypertension is the main cause of death in DL-GNT, and its mechanism is that CSF reflux is blocked due to infiltration of cancer cells, resulting in hydrocephalus and damage of cranial nerve or spinal nerve root. When mannitol dehydration was ineffective in reducing cranial pressure, Ommaya sac implantation was performed in a timely manner to drain the excess CSF every day, which significantly improved the patient's symptoms and improved the patient's quality of life.
The shortcomings of this study are listed as follows. As it is a single-sample clinical case, the success of reducing intracranial pressure, visual acuity treatment and prevention of venous thrombosis in lower limbs still needs the support of a large number of clinical samples. The final diagnosis requires a brain biopsy for accurate typing. After the diagnosis of DLGNT, because the patient gave up treatment, there was a lack of followup relevant treatment data. The differential diagnosis of this case and other diseases will be elaborated in our subsequent articles.
Conclusions
DLGNT is rare, there is no effective cure, and the mortality rate is high. Early diagnosis can improve the quality of life and prolong survival [21] [22] [23] [24] . However, in the current situation, clinical symptoms are not typical, and the first doctor lacks relevant clinical experience. The current positive rate of CSF cytology is low, and the treatment regimen is ineffective. Accordingly, through this case report, we intend to increase the information related to DLGNT, describe the diagnosis and misdiagnosis, helping clinicians learn and understand the disease. When patients have an unexplained intracranial hypertension, if the treatment is not effective, regardless of whether there is a history of cancer, it is recommended to take brainenhanced MRI and CSF cytology as early as possible to understand whether there is the possibility of DLGNT. In terms of treatment, timely placement of Ommaya capsules can help improve patient symptoms, and molecular targeted therapy offers new hope for prolonging the life of patients [25] [26] [27] .
